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EXECUTIVE SUMMARY

Killer whales are distributed throughout the marine waters of Washington. Four genetically
distinct populations are recognized and are referred to as southern residents, northern residents,
transients, and offshores. These populations rarely interact and do not interbreed despite having
largely sympatric year-round geographic ranges that extend into British Columbia and other
areas along the west coast of North America. Southern resident and transient killer whales are
the only populations that regularly enter the state’s coastal waters, whereas offshore whales
mainly inhabit open ocean off the outer coast. Northern residents are rare visitors to the state.
Resident killer whales are believed to feed almost exclusively on salmon, especially chinook,
and other fish. They occur in small highly stable social units known as matrilines, in which all
individuals are maternally related. Pods are larger social groups comprised of several matrilines
and typically hold about 10 to 60 whales. In contrast, transient whales feed primarily on harbor
seals and other marine mammals. They also travel in small matrilineal groups, but membership
is much more fluid than with residents and long-term pods are not maintained. Few details are
known about the biology of offshore killer whales, but they commonly occur in large groups of
10-70 individuals and are believed to be mainly fish-eaters.

The southern resident population is comprised of three pods (identified as J, K, and L pods) and
is most familiar to the general public. It occurs primarily in the Georgia Basin and Puget Sound
from late spring to fall, when it typically comprises the majority of killer whales found in
Washington. The population travels more extensively during other times of the year to sites as
far north as the Queen Charlotte Islands in British Columbia and as far south as Monterey Bay in
California. Southern resident population trends are unknown before 1960, when roughly 80
whales were present, but it is quite likely that numbers were at a depleted level due to
indiscriminant shooting by fishermen. The population is believed to have recovered somewhat
during the early and mid-1960s, but live-captures for aquaria removed or killed at least 47 of the
whales during the 1960s and 1970s. The population has been closely monitored since 1974, with
exact numbers of animals and other demographic details learned through annual
photoidentification surveys. Membership increased from 70 to 98 whales between 1974 and
1995, but this was followed by a rapid net loss of 18 animals, or 18% of the population, from
1996 to 2001. J and K pods have generally maintained their numbers during the decline, with
both equaling or exceeding their largest recorded sizes as of September 2003. However, L pod,
which comprises about half of the southern resident population, has been in sharp decline since
1994 and shows no strong sign of reversing this trend. This pod’s decline is especially
worrisome because it involves both increased mortality of members and a reduction in birth
rates.

Population trends of transient and offshore killer whales are not known because of their greater
mobility and more sporadic occurrence, making it difficult for researchers to maintain detailed
photographic records of both groups. Both populations cover huge geographic ranges that
extend from southeastern Alaska to southern California or Mexico.

Three threats have been identified as potentially the most problematic for killer whales in
Washington. First, the southern residents have experienced large historic declines in their main
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prey, salmon. Overall salmon abundance has remained relatively stable or been increasing in
Puget Sound and the Georgia Basin during the past several decades and therefore may not be
responsible for the decline in L pod since 1996. However, a lack of concise information on the
status of all salmon runs in the range of the southern residents makes the threat of reduced prey
availability difficult to dismiss. Second, recent studies have revealed that transient and southern
resident whales are heavily contaminated with organochlorine pollutants, primarily PCBs and
DDT residues. Both populations are now considered as among the most highly contaminated
marine mammals in the world. Lastly, increasing public interest in killer whales has fueled
tremendous growth in whale watching in and around the San Juan Islands during the past two
decades. As a result, southern resident whales are now followed by significant numbers of
commercial and private vessels during much or all of the day when residing in this portion of
their range. Despite the great increase in killer whale research in Washington and British
Columbia since the early 1970s, researchers remain divided on which of these threats are most
significant to the whales. It may well be that a combination of threats are working to harm the
animals, especially L pod. Until more complete information becomes available, it is probably
best to take a precautionary management approach in determining appropriate conservation
strategies for the species.

For these reasons, the Department recommends that the killer whale be listed as an endangered
species in the state of Washington.
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INTRODUCTION

The Washington Department of Fish and Wildlife maintains a list of state candidate species to be
reviewed for possible listing as endangered, threatened or sensitive species. The killer whale
was added to the state Candidate list in 2000 and is currently being reviewed for possible listing
under the state’s listing procedures (Washington Administrative Code 232-12-297, Appendix E).
These procedures were developed by a group of citizens, interest groups, and state and federal
agencies, and were adopted by the Washington Fish and Wildlife Commission in 1990. The
procedures identify how species listing will be initiated, criteria for listing and delisting, public
review, and recovery and management of listed species.

The first step in the process is to develop a draft species status report. The report includes a
review of existing information relevant to the speciesl status in Washington and addresses
factors affecting its status including, but not limited to: historic, current, and future species
population trends, natural history including ecological relationships, historic and current habitat
trends, population demographics and their relationship to long term sustainability, and historic
and current species management activities.

The procedures then provide for a 90-day public review opportunity for interested parties to
submit new scientific data relevant to the draft status report and classification recommendation.
During the 90-day review period, the Department may also hold public meetings to take
comments and answer questions. Following the 90-day public review, the Department will
address comments and produce a final status report, listing recommendation, and appropriate
State Environmental Policy Act (SEPA) documents for a 30-day review prior to the Fish and
Wildlife Commission meeting to take action on the recommendation. The state’s current list of
endangered, threatened and sensitive species is contained in two Washington Administrative
Codes (232-12-014 and 232-12-011) (Appendix E).

TAXONOMY

Killer whales are members of the family Delphinidae, which includes 17-19 genera of marine
dolphins (Rice 1998, LeDuc et al. 1999). Systematic classifications based on morphological
comparisons have variously placed the genus Orcinus in the subfamilies Globicephalinae or
Orcininae with other genera such as Feresa, Globicephala, Orcaella, Peponocephala, and
Pseudorca (Slijper 1936, Fraser and Purves 1960, Kasuya 1973, Mead 1975, Perrin 1989,
Fordyce and Barnes 1994). However, recent molecular work suggests that Orcinus is most
closely related to the Irawaddy dolphin (Orcaella brevirostris), with both forming the subfamily
Orcininae (LeDuc et al. 1999). Orcinus is currently considered monotypic, despite some
variation in color patterns, morphology, and ecology across its distribution. No subspecies are
currently recognized. Several authorities have proposed populations in Antarctica as separate
species (O. nanus and O. glacialis), based on their smaller sizes and other ecological traits
(Mikhalev et al. 1981, Berzin and Vladimirov 1983). Similarly, Baird (1994) argued that
resident and transient forms in the northeastern Pacific should be treated as separate species due
to differences in behavior, ecology, and vocalizations. These designations have not yet received
wide acceptance (Hoelzel et al. 1998, Barrett-Lennard 2000). Recent investigations have
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documented genetic distinctions among populations in the northeastern Pacific, but these are
currently considered insufficient to warrant the designation of discrete taxa (Hoelzel and Dover
1991, Hoelzel et al. 1998, Barrett-Lennard 2000, Barrett-Lennard and Ellis 2001). Worldwide
populations show low diversity in mitochondrial DNA (Hoelzel et al. 2002), further supporting a
lack of taxonomic differentiation within the species.

The name “killer whale” originates from early whalers and is appropriately based on the species’
predatory habits, as well as its large size, which distinguishes it from other dolphins. Other
common names currently or formerly used in North America include “orca”, “blackfish”,
“killer”, “grampus”, and “swordfish.” The name “orca” has become increasingly popular in
recent decades as a less sinister alternative to “killer whale” (Spalding 1998). A variety of
Native American names also exist, including klasqo kapix (Makah, Olympic Peninsula), ka-kow-
wud (Quillayute, Olympic Peninsula), max ‘inux (Kwakiutl, northern Vancouver Island),
gagawun (Nootka, western Vancouver Island), and ska-ana (Haida, Queen Charlotte Islands)
(Hoyt 1990, Ford et al. 2000).

DESCRIPTION

Killer whales are the world’s largest dolphin. The sexes show considerable size dimorphism,
with males attaining maximum lengths and weights of 9.0 m and 5,568 kg, respectively,
compared to 7.7 m and 3,810 kg for females (Dahlheim and Heyning 1999). Adult males
develop larger pectoral flippers, dorsal fins, tail flukes, and girths than females (Clark and Odell
1999). The dorsal fin reaches heights of 1.8 m and is pointed in males, but grows to only 0.7 m
in females and is more curved in shape (Figure 1). Killer whales have large paddle-shaped
pectoral fins and broad rounded heads with only the hint of a facial beak. The flukes have
pointed tips and form a notch at their meeting point in the trailing edge of the tail. Ten to 14
teeth occur on each side of both jaws and measure up to 13 cm in length (Eschricht 1866,
Scammon 1874, Nishiwaki 1972). Skull morphology and other anatomical features are
described by Tomilin (1957) and Dahlheim and Heyning (1999).

Killer whales are easily identifiable by their distinctive black-and-white color pattern, which is
among the most striking of all cetaceans. Animals are black dorsally and have a white ventral
region extending from the chin and lower face to the belly and anal region (Figure 1). The
underside of the tail fluke is white or pale gray, and may be thinly edged in black. Several
additional white or gray markings occur on the flanks and back. These include a small white
oval patch behind and above the eye, a larger area of white connected to the main belly marking
and sweeping upward onto the lower rear flank, and a gray or white saddle patch usually present
behind the dorsal fin. These color patterns exhibit regional and age variation (Carl 1946, Evans
et al. 1982, Baird and Stacey 1988, Ford et al. 2000). Juveniles feature yellowish, rather than
white, markings. Each whale has a uniquely shaped and scarred dorsal fin and saddle, which
permits animals to be recognized on an individual basis, as depicted in photo-identification
catalogs, such as those compiled for Washington and British Columbia (e.g., Ford and Ellis
1999, Ford et al. 2000, van Ginneken et al. 2000). Shape and coloration of the saddle often
differs on the left and right sides of an animal (Ford et al. 2000, van Ginneken et al. 2000). Eye-
patch shape is also unique among individuals (Carl 1946, Visser and Mikeldinen 2000).
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Figure 1. Lateral and ventral views of a male killer whale. Small insets show the dorsal fin and genital
pigmentation of a female. Adapted from Dahlheim and Heyning (1999) and Ford et al. (2000).

In addition to the characters mentioned above, male and female killer whales are identifiable by
pigmentation differences in the genital area (Figure 1; Ford et al. 2000). Females have a roughly
circular or oval white patch surrounding the genital area. Within this patch, the two mammary
slits are marked with gray or black and are located on either side of the genital slit, which also
usually has a dark marking. Males have a more elongated white patch surrounding the genital
area, a larger darker spot at the genital slit, and lack the darkly shaded mammary slits.

When viewed at long distances, false killer whales (Pseudorca crassidens) and Risso’s dolphins
(Grampus griseus) can be mistaken for female and immature killer whales (Leatherwood et al.
1988). The blows of killer whales are low and bushy-shaped, reaching a height of about 1.5-2 m
(Scammon 1874, Scheffer and Slipp 1948, Eder 2001). Scheffer and Slipp (1948) described the
sound of blowing as “a quick breathy puff, louder and sharper and lacking the double gasp of the
harbor porpoise” (Phocoena phocoena).
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DISTRIBUTION

Killer whales have a cosmopolitan distribution considered the largest of any cetacean (Figure 2).
The species occurs in all oceans, but is generally most common in coastal waters and at higher
latitudes, with fewer sightings from tropical regions (Dahlheim and Heyning 1999). In the North
Pacific, killer whales occur in waters throughout Alaska, including the Aleutian Islands and
Bering Sea (Murie 1959, Braham and Dahlheim 1982, Dahlheim 1994, Matkin and Saulitis
1994, Dahlheim 1997, Waite et al. 2002), and range southward along the North American coast
and continental slope (Norris and Prescott 1961, Fiscus and Niggol 1965, Gilmore 1976,
Dahlheim et al. 1982, Black et al. 1997, Guerrero-Ruiz et al. 1998). Populations are also present
along the northwestern coast of Asia from eastern Russia to China and southern Japan (Tomilin
1957, Nishiwaki and Handa 1958, Kasuya 1971, Wang 1985). Northward occurrence in this
region extends to the Chukchi and Beaufort Seas of the Arctic Ocean (Lowry et al. 1987).
Sightings are generally infrequent to rare across the tropical Pacific, extending from Central and
South America (Wade and Gerrodette 1993) westward to Hawaii, Micronesia, New Guniea, and
Southeast Asia (Tomich 1986, Eldredge 1991, Reeves et al. 1999, Mobley et al. 2001, Visser and
Bonoccorso 2003). The species occurs widely in the North Atlantic, including the entire eastern
coast of North America, the Caribbean, Greenland, and from northwestern Russia and
Scandinavia to Africa (Tomilin 1957, Evans 1988, Hammond and Lockyer 1988, Katona et al.
1988, Oien 1988, Mitchell and Reeves 1988, Reeves and Mitchell 1988a, 1988b, Baird 2001).
Killer whales are broadly distributed in the southern oceans, being most common off Antarctica.
Smaller populations are present in Australia, New Zealand, South America, and Africa (Jehl et
al. 1980, Dahlheim 1981, Thomas et al. 1981, Dahlheim and Heyning 1999, Peddemors 1999).

CLASSIFICATION OF KILLER WHALES IN THE NORTHEASTERN PACIFIC

Three distinct forms of killer whales, termed as residents, transients, and offshores, are
recognized in the northeastern Pacific Ocean and are described below. Although there is
considerable overlap in their ranges, these populations display significant genetic differences due
to a lack of membership interchange (Stevens et al. 1989, Hoelzel and Dover 1991, Hoelzel et al.
1998, Barrett-Lennard 2000, Barrett-Lennard and Ellis 2001). Important differences in ecology,
behavior, and morphology also exist (Baird 2000, Ford et al. 2000). The names “resident” and
“transient” were coined during early studies of these communities (Bigg 1982), but continued
research has shown that neither name is particularly descriptive of actual movement patterns
(Dahlheim and Heyning 1999, Baird and Whitehead 2000, Baird 2001). Similar differences
among overlapping populations of killer whales have been found in Antarctica (Berzin and
Vladimirov 1983) and may eventually be recognized in the populations of many localities (Ford
et al. 1998).
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Figure 2. Worldwide range of killer whales. Hatched areas depict the distribution of known records.
White areas are probably also inhabited, but documented sightings are lacking. Adapted from Dahlheim
and Heyning (1999), with additional information from Reeves and Mitchell (1988b), Wade and Gerrodette
(1993), and Reeves et al. (1999).

Resident Killer Whales

Resident killer whales are distributed from Alaska to California, with four distinct communities
recognized: southern, northern, southern Alaska, and western Alaska (Krahn et al. 2002).
Resident killer whales differ from transient and offshore animals by having a dorsal fin that is
more curved and rounded at the tip (Ford et al. 2000). Residents also exhibit at least five
patterns of saddle patch pigmentation (Baird and Stacey 1988). They feed primarily on fish,
occur in large stable pods typically comprised of 10 to about 60 individuals, and differ in
vocalization patterns (Ford 1989, Felleman et al. 1991, Ford et al. 1998, 2000, Saulitis et al.
2000). A fifth resident community, known as the western North Pacific Residents, is thought to
extend into Russia and perhaps Japan (Krahn et al. 2002).

Nov ’03 5 Washington Department of Fish and Wildlife



British 2 ! British
Columbia | b0 Columbia

LEGEND o LEGEND

~__—— River .~ River

Political boundary ; Political boundary

R —r—TrT T
500 kilometers 500 kilometers

Figure 3. Geographic range (light shading) of the southern resident (left) and northern resident (right)
killer whale populations in the northeastern Pacific. The western pelagic boundary of the ranges is ill-
defined.

Southern Residents. This population consists of three pods, identified as J, K, and L pods (Table
1), that reside for part of the year in the inland waterways of Puget Sound, the Strait of Georgia,
and the Strait of Juan de Fuca during the spring, summer, and fall (Krahn et al. 2002). Pods
regularly visit coastal sites off Washington and Vancouver Island (Ford et al. 2000), and rarely
travel as far south as central California and as far north as the Queen Charlotte Islands (Figure 3).
Winter movements and distribution are poorly known for the population. Although the ranges of
the southern and northern residents overlap around northern Vancouver Island and the Queen
Charlottes, pods from the two populations have not been observed to intermix (Ford et al. 2000).
Genetic analyses using microsatellite (nuclear) DNA and mitochondrial DNA (mtDNA) further
indicate that the two populations are reproductively isolated (Hoelzel et al. 1998, Barrett-
Lennard 2000, Barrett-Lennard and Ellis 2001).
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Northern Residents. The northern resident community contains 16 pods that reside primarily
from central Vancouver Island (including the northern Strait of Georgia) to Frederick Sound in
southeastern Alaska (Figure 3; Dahlheim 1997, Ford et al. 2000), although animals occasionally
venture as far south as the Strait of Juan de Fuca, the San Juan Islands, and Gray’s Harbor
(Barrett-Lennard and Ellis 2001, J. Calambokidis, unpubl. data). From June to October, many
northern resident pods congregate in the vicinity of Johnstone Strait and Queen Charlotte Strait
off northeastern Vancouver Island, but movements and distribution during other times of the year
are much less well known (Ford et al. 2000). In southeastern Alaska, the northern residents have
been seen once in association with pods from the southern Alaska resident community
(Dahlheim et al. 1997) and limited gene flow may occur between the two populations (Hoelzel et
al. 1998, Barrett-Lennard 2000, Barrett-Lennard and Ellis 2001).

Other Residents. Southern Alaska resident killer whales inhabit the waters of southeastern
Alaska and the Gulf of Alaska (including Prince William Sound and Kodiak Island), with at least
15 pods identified (Dahlheim 1997, Dahlheim et al. 1997, Matkin and Saulitis 1997).
Distribution and abundance of the western Alaska residents are less understood, but their range
includes the coastal and offshore waters of the Bering Sea for at least part of the year (Krahn et
al. 2002).

Transient Killer Whales

Transients do not associate with resident and offshore whales despite having a geographic range
that is largely sympatric with both forms. Compared to residents, transients occur in smaller
pods of usually less than 10 individuals (Ford and Ellis 1999, Baird 2000, Baird and Whitehead
2000), display a more fluid social organization, and have diets consisting largely of other marine
mammals (Baird and Dill 1996, Ford et al. 1998, Saulitis et al. 2000). They also move greater
distances and tend to have larger home ranges than residents (Goley and Straley 1994, Dahlheim
and Heyning 1999, Baird 2000). Morphologically, the dorsal fins of transients are straighter at
the tip than in residents and offshores (Ford and Ellis 1999, Ford et al. 2000). Two patterns of
saddle pigmentation are recognized (Baird and Stacey 1988). Recent genetic investigations
using both nuclear DNA and mtDNA have found significant genetic differences between
transients and other killer whale forms, confirming the lack of interbreeding (Stevens 1989,
Hoelzel and Dover 1991, Hoelzel et al. 1998, Barrett-Lennard 2000, Barrett-Lennard and Ellis
2001). These studies also indicate that up to three genetically distinct assemblages of transient
killer whales exist in the northeastern Pacific. These are identified as the 1) west coast
transients, which occur from southern California to southeastern Alaska (Figure 4), 2) Gulf of
Alaska transients, and 3) AT1 pod, which inhabits Prince William Sound and the Kenai Fjords in
the northern Gulf of Alaska and is highly threatened with just nine whales remaining (Ford and
Ellis 1999, Barrett-Lennard 2000, Barrett-Lennard and Ellis 2001). Genetic evidence suggests
there is little or no interchange of members among these populations (Barrett-Lennard and Ellis
2001).
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Figure 4. Geographic range (light shading) of the west coast transient (left) and offshore (right) killer
whale populations in the northeastern Pacific. The western pelagic boundary of the ranges is ill-defined.
The range of the offshore population extends southward to central Mexico.

Offshore Killer Whales

Due to a scarcity of sightings, much less information is available for this population, which was
first identified in the late 1980s. Records are distributed from central Mexico to southeastern
Alaska (Figure 5), with many of these made off western Vancouver Island and the Queen
Charlotte Islands (Ford and Ellis 1999, Krahn et al. 2002). Offshore killer whales usually occur
20 km or more offshore and also visit coastal waters, but rarely enter protected inshore waters.
Sightings have been made up to 500 km off the Washington coast (Krahn et al. 2002). Animals
typically congregate in groups of 10-70 animals and are presumed to feed primarily on fish.
Intermixing with residents and transients has not been observed. Genetic analyses indicate that
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offshore whales are reproductively isolated from other forms, but are more closely related to the
southern residents (Hoelzel et al. 1998, Barrett-Lennard and Ellis 2001). Offshores are thought

to be slightly smaller in body size than residents and transients, and have dorsal fins and saddle

patches resembling those of residents (Ford et al. 2000).

NATURAL HISTORY
Social Organization

Killer whales are highly social animals that occur primarily in groups of up to 40-50 animals
(Dahlheim and Heyning 1999, Baird 2000). Mean pod size varies among populations, but often
ranges from 2 to about 15 animals (Kasuya 1971, Condy et al. 1978, Mikhalev et al. 1981,
Braham and Dahlheim 1982, Dahlheim et al. 1982, Baird and Dill 1996). Larger aggregations of
up to several hundred individuals occasionally form, but are usually considered temporary
groupings of smaller social units that probably congregate near seasonal concentrations of prey
or meet for social interaction and breeding (Dahlheim and Heyning 1999, Baird 2000, Ford et al.
2000). Single whales, usually adult males, also occur in many populations (Norris and Prescott
1961, Hoelzel 1993, Baird 1994). Differences in the spatial distribution, abundance, and
behavior of food resources probably account for much of the variation in social structure among
killer whale populations. For example, sympatric populations of resident and transient whales in
Washington and British Columbia vary substantially in average group size. Transients forage in
small groups on wary and patchily distributed marine mammals and are presumably able to
maximize their per capita energy intake through reduced competition over food (Baird and Dill
1996, Ford and Ellis 1999, Baird and Whitehead 2000). In contrast, the larger groups of resident
whales may be better able to detect schools of fish, enabling individual members to increase food
consumption (Ford et al. 2000).

Olesiuk et al. (1990a) reported that killer whale pods in Washington and British Columbia were
comprised of 19% adult males, 31% adult females, and 50% immature whales of both sexes. In
Alaska, 24% of the animals in pods were adult males, 47% were either adult females or subadult
males, and 29% were younger animals (Dahlheim 1997, Dahlheim et al. 1997). For southern
oceans, Miyazaki (1989) found that 16% of populations were adult males, 8% were adult females
with calves, and 76% were immatures and adult females without calves. At Marion Island in the
southern Indian Ocean, 29% of the population were adult males, 21% were adult females, 8%
were calves, 25% were subadults, and 17% unidentified (Condy et al. 1978).

Some of the most detailed studies of social structure in killer whales have been made in the
British Columbia, Washington, and Alaska during the past few decades, with much information
available on group size, structure, and stability, and vocal traits (Ford 1989, 1991, Bigg et al.
1990, Matkin et al. 1999b, Ford et al. 2000, Yurk et al. 2002). Social organization in this region
is based on maternal kinship and may be characteristic of killer whale populations throughout the
world (Ford 2002).

Residents. Four levels of social structure have been identified among resident killer whales. The
basic social unit is the matriline, which is a highly stable hierarchical group of individuals linked
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by maternal descent (Baird 2000, Ford et al. 2000, Ford 2002). A matriline is usually composed
of a female, her sons and daughters, and the offspring of her daughters, and contains one to 17
(mean = 5.5) individuals spanning one to four (mean = 3) generations. Members maintain
extremely strong bonds and individuals seldom separate from the group for more than a few
hours. Permanent dispersal of individuals from resident matrilines has never been recorded
(Bigg et al. 1990, Baird 2000, Ford et al. 2000, Barrett-Lennard and Ellis 2001).

Groups of related matrilines are known as pods. Matrilines within pods share a common
maternal ancestor from the recent past, making them more closely related to one another than to
those of other pods (Baird 2000, Ford et al. 2000). Pods are less cohesive than matrilines and
member matrilines may travel apart for periods of weeks or months. Nonetheless, matrilines
associate more often with others from their pod than with matrilines from other pods. Most pods
are comprised of one to four matrilines, but one southern resident pod (L pod) holds 12
matrilines (Table 1). Resident pods contain two to 50 whales (mean = 18) (Bigg et al. 1987,
Ford 2002). Gradual changes in pod structure and cohesion occur through time with the deaths
and births of members, as seen after the death of one matriarchal female, which appeared to
prompt the fragmentation of her matriline (Ford et al. 2000). Within pods, some researchers
recognize the existence of an intermediate type of association known as the subpod, which is
defined as a grouping of matrilines that spends more than 95% of their time together (Baird
2000).

Clans are the next level of social structure and are composed of pods with similar vocal dialects
and a common but older maternal heritage (Ford 1991, Ford et al. 2000, Yurk et al. 2002).

Those pods with similar dialects are presumably more closely related to one another than those
with greater differences in their dialects (Ford 1991). However, vocalizations known as pulsed
calls are not shared between different clans, indicating a lack of recent common ancestry
between clans. Clans overlap in their geographic ranges and pods from different clans frequently
intermingle.

Pods (and clans) that regularly associate with one another are known as communities, which are
the highest level in resident killer whale societies (Ford et al. 2000, Ford 2002). Three
communities (southern, northern, and southern Alaska) of resident whales exist in the
northeastern Pacific. Communities are based solely on association patterns rather than maternal
relatedness or acoustic similarity. The ranges of neighboring communities partially overlap and
member pods may or may not associate on an occasional basis with those from other
communities (Baird 2000). The southern resident community is comprised of three pods and one
clan (J), whereas the northern resident community has 16 pods in three clans (A, G, and R)
(Table 1, Ford et al. 2000). The A clan contains 10 pods (A1, A4, A5, B, C, D, H, I1, 12, and
I18), G clan consists of four pods (G1, G12, 111, and I31), and R clan holds two pods (R and W)
(Ford et al. 2000).
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Table 1. Social hierarchy and pod sizes of southern and northern resident killer whales in Washington
and British Columbia (Ford et al. 2000, Center for Whale Research, unpubl. data).

No. of members

Community Clan Pod®  Matrilines per pod”
Southern residents J J J2,J8,19,J16 22
J K K3, K4, K7,K18 20
J L L2,14,19,L12,L21, L25, L26, 41
128,132,135, 137, L45
Total 83
Northern residents A Al Al12, A30, A36 16
A A4 All, A24 11
A A5 A8, A9, A23, A25 13
A B1 B7 7
A C1 Ceo, C10 14
A D1 D7,DlI1 12
A Hl1 H6 9
A I1 I1 8
A 12 122 2
A 118 117,118 16
G Gl G3, G4, G17, G18, G29 29
G G12 G2, G12 13
G I11 111,115 22
G 131 131 12
R R1 R2, R5,R9, R17 29
R W1 W3 3
Total 216

*Southern resident pods are also known as J1, K1, and L1 pods (Ford et al. 2000).
®Pod sizes are based on annual census results from 2003 for the southern residents (Center for Whale Research, unpubl. data)
and from 1998 for the northern residents (Ford et al. 2000).

Transients. The social organization of transients is less understood than for resident whales.
Transients also occur in maternal groups, but unlike residents, extended or permanent dispersal
of offspring is common, with juveniles and adults of both sexes participating (Ford and Ellis
1999, Baird 2000, Baird and Whitehead 2000). Transient matrilines are smaller than those of
residents, numbering just one to four individuals (mean = 2.4) (Baird and Dill 1996, Ford and
Ellis 1999, Baird and Whitehead 2000). Ford and Ellis (1999) reported larger group sizes among
transients, with about 70% of all groups containing two to six animals (median = four), 17%
having 7-11 animals, 10% being lone animals (these are mostly males; Baird 1994), and 3%
having 12-22 individuals. Larger groups result from matrilines temporarily joining each other to
forage and socialize (Baird and Dill 1995, 1996, Ford and Ellis 1999, Baird and Whitehead
2000). Transient matrilines maintain fluid association patterns with other matrilines and do not
form long-term groupings similar to the pods of residents (Baird 2000, Baird and Whitehead
2000). Thus, the transient community can be characterized as a network of small loosely
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associated groups. As in resident clans, all members of the transient community share a related
call repertoire, although regional differences in vocalizations have been noted (Ford 2002).

Baird and Whitehead (2000) described the patterns of association among individuals within
transient matrilines. Typically, these groups contain an adult female and one or two of her
offspring, and are commonly characterized by strong and enduring associations between some
members. Male offspring usually maintain stronger relationships with their mother than female
offspring, and such bonds can extend well into adulthood. However, some males disperse from
their natal matriline and become “roving” males. These individuals do not form long-term
associations with other whales, but live solitarily much of the time and occasionally join groups
that contain potentially reproductive females. Roving males do not associate together in all-male
groups. Females that disperse from their maternal matriline appear to be more gregarious than
males, but remain socially mobile.

Offshores. The social structure of offshore killer whales has not been studied in detail. These
whales usually occur in large groups of 10-70 animals (Ford et al. 2000, Krahn et al. 2002).
Membership patterns within groups appear to be dynamic, with considerable interchange of
animals noted between sightings (K. C. Balcomb, pers. comm.).

Vocalizations

Vocal communication is particularly advanced in killer whales and is an essential element of the
species’ complex social structure. Like all dolphins, killer whales produce numerous types of
vocalizations that are useful in navigation, communication, and foraging (Dahlheim and Awbrey
1982, Ford 1989, Barrett-Lennard et al. 1996, Ford et al. 2000). Sounds are made by air forced
through structures in the nasal passage and are enhanced and directed forward by a fatty
enlargement near the top of the head, known as the melon. Most calls consist of both low- and
high-frequency components (Bain and Dahlheim 1994). The low-frequency component is
relatively omnidirectional, with most energy directed forward and to the sides (Schevill and
Watkins 1966). A fundamental between 250-1,500 Hz and harmonics ranging to about 10 kHz
are present in this component. Most of the energy in the high-frequency component is beamed
directly ahead of the animal. This component has a fundamental between 5-12 kHz and
harmonics ranging to over 100 kHz (Bain and Dahlheim 1994).

Newborn calves produce calls similar to adults, but have a more limited repertoire (Dahlheim
and Awbrey 1982). As young animals mature, complete call repertoires are most likely
developed through vocal imitation and learning from association with closely related animals
rather than being genetically inherited (Bowles et al. 1988, Bain 1989, Ford 1989, 1991, Yurk et
al. 2002). Regional differences in call structure and vocalization patterns have been recorded
from the North Pacific, North Atlantic, and Antarctica (Jehl et al. 1980, Thomas et al. 1981,
Awbrey et al. 1982).

Killer whales produce three categories of sounds: echolocation clicks, tonal whistles, and pulsed
calls (Ford 1989). Clicks are brief pulses of ultrasonic sound given singly or more often in series
known as click trains. They are used primarily for navigation and discriminating prey and other
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objects in the surrounding environment, but are also commonly heard during social interactions
and may have a communicative function (Barrett-Lennard et al. 1996). Barrett-Lennard et al.
(1996) suggested that killer whales share information obtained from echolocation, but further
clarification of this possible function is needed (Baird 2000). Individual clicks are highly
variable in structure, lasting from 0.1 to 25 milliseconds and containing a narrow to broad range
of frequencies that usually range from 4-18 kHz, but extend up to 50-85 kHz (Diercks et al.
1973, Awbrey et al. 1982, Ford 1989, Barrett-Lennard et al. 1996). Most click trains last 2-8
seconds and have repetition rates of 2-50 clicks per second, but some exceed 10 seconds or hold
as many as 300 clicks per second (Jehl et al. 1980, Ford 1989, Barrett-Lennard et al. 1996, Ford
et al. 2000). Slower click trains are probably used for navigation and orientation on more distant
objects, such as other whales and features on the seafloor, whereas rapid click rates appear to be
used for investigating objects within 10 m (Ford 1989).

Most whistles are tonal sounds of a fundamental frequency with the addition of several
harmonics (Thomsen et al. 2001). Whistles have an average dominant frequency of 8.3 kHz
(range = 3-18.5 kHz), an average bandwidth of 4.5 kHz (range = 0.5-10.2 kHz), and an average
of 5.0 frequency modulations per whistle (range = 0-71 frequency modulations) (Thomsen et al.
2001). Mean duration is 1.8 seconds (range = 0.06-18.3 seconds). Whistles are the primary type
of vocalization produced during close-range social interactions (Thomsen et al. 2002). They are
given infrequently during foraging and most types of traveling.

Pulsed calls are the most common type of vocalization in killer whales and resemble squeaks,
screams, and squawks to the human ear. Most calls are highly stereotyped and distinctive in
structure, being characterized by rapid changes in tone and pulse repetition rate, with some
reaching up to 4,000 or more pulses per second (Jehl et al. 1980, Ford 1989). Duration is usually
less than two seconds. Call frequencies often fall between 1-6 kHz, but may reach more than 30
kHz. Three categories of pulsed calls are distinguishable: discrete, variable, and aberrant (Ford
1989). Discrete calls have received considerable study and are especially noteworthy because
they are used repetitively and have stable group-specific structural traits. Discrete calls are the
predominant sound type during foraging and traveling, and are used for maintaining acoustic
contact with other group members, especially those out of visual range (Ford 1989, Ford et al.
2000). Variable and aberrant calls are given more frequently after animals join together and
interact physically. Representative sound spectrograms of discrete calls are presented in Ford
(1989, 1991).

The vocal repertoires of killer whale pods are comprised of specific numbers and types of
repetitive discrete calls, which together are known as a dialect (Ford 1991). Dialects are
complex and stable over time, and are unique to single pods. Individuals likely learn their dialect
through contact with their mother and other pod members (Ford 1989, 1991). Dialects are
probably an important means of maintaining group identity and cohesiveness. Similarity in
dialects likely reflects the degree of relatedness between pods, with variation building through
time as pods grow and split (Ford 1989, 1991, Bigg et al. 1990). Researchers have thus far been
unable to determine whether specific calls have particular meanings or are associated with
certain activities. Deecke et al. (2000) reported that some calls undergo gradual modification in
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structure over time, probably due to cultural drift, maturational effects, or some combination
thereof.

The dialects of resident killer whale pods contain 7 to 17 (mean = 11) distinctive call types (Ford
1991). Transient dialects are much different, having only 4 to 6 discrete calls, none of which are
shared with residents (Ford and Ellis 1999). All members of the west coast transient community
possess the same basic dialect, as would be expected due to this population’s fluid social system,
although some minor regional variation in call types is evident (Ford and Ellis 1999).
Preliminary research indicates that offshore killer whales have group-specific dialects unlike
those of residents and transients (Ford et al. 2000).

As with other delphinids, killer whales hear sounds through the lower jaw and other portions of
the face, which transmit the sound signals to receptor cells in the middle and inner ears (Mghl et
al. 1999, Au 2002). Hearing is the most sensitive of any odontocete tested thus far. Hearing
ability extends from 1 to at least 120 kHz, but is most sensitive in the range of 18-42 kHz
(Szymanski et al. 1999). The most sensitive frequency is 20 kHz, which corresponds with the
approximate peak energy of the species’ echolocation clicks (Szymanski et al. 1999). This
frequency is lower than in many other toothed whales. Hearing sensitivity declines below 4 kHz
and above 60 kHz. Vision is also considered well developed (White et al. 1971).

Diving and Swimming Behavior

Respiration rates of killer whales vary with activity level (Ford 1989). Dive cycles in transient
whales average 5-8 minutes in total length and usually consist of three to five short dives lasting
10-35 seconds each followed by a longer dive averaging 4-7 minutes (range = 1-17 minutes)
(Erickson 1978, Morton 1990, Ford and Ellis 1999). The surface blows following each of the
short dives in a cycle last 3-4 seconds. Dive cycles in resident whales follow a similar pattern,
but have long dives that are usually much briefer than in transients, averaging about 3 minutes
and rarely exceeding 5 minutes (Morton 1990, Ford and Ellis 1999).

Southern residents spend 95% of their time underwater, nearly all of which is between the
surface and a depth of 30 m (Baird et al. 1998, 2003, Baird 2000). Preliminary information
indicates that up to two dives per hour are made below 30 m. However, these represent fewer
than 1% of all dives and occupy less than 2.5% of an animal’s total time. Maximum dive depths
averaged 141 m per animal among seven individuals tagged with time-depth recorders in July
2002 (Baird et al. 2003). One juvenile whale twice exceeded 228 m, causing Baird et al. (2003)
to speculate that members of this population are probably capable of diving to 350 m, which is
the maximum bottom depth in their summer range. The deepest dive reported for any killer
whale is 260 m by a trained animal (Bowers and Henderson 1972).

Killer whales normally swim at speeds of 5-10 km per hour, but can attain maximum speeds of
40 km per hour (Lang 1966, Erickson 1978, Kruse 1991, Williams et al. 2002a). Diving animals
reach a velocity of 22 km per hour, or 6 m per second, during descents and ascents. Bursts in
speed during dives commonly occur when prey are chased (Baird et al. 2003).
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Diet and Foraging

As top-level predators, killer whales feed on a variety of marine organisms. Some populations
have specialized diets throughout the year and employ specific foraging strategies that reflect the
behavior of their prey. Such dietary specialization has probably evolved in regions where
abundant prey resources occur year-round (Ford 2002). Cooperative hunting, food sharing, and
innovative learning are other notable foraging traits in killer whales (Smith et al. 1981, Lopez
and Lopez 1985, Felleman et al. 1991, Hoelzel 1991, Jefferson et al. 1991, Hoelzel 1993, Simila
and Ugarte 1993, Baird and Dill 1995, Guinet et al. 2000). Cooperative hunting presumably
increases hunting efficiency and prey capture success of group members. Additionally, group
living permits knowledge of specialized hunting skills and productive foraging areas to be passed
traditionally from generation to generation (Lopez and Lopez 1985, Guinet 1991, Guinet and
Bouvier 1995, Ford et al. 1998). Some foraging styles require extensive practice and learning
(e.g., Guinet 1991).

Dietary information was formerly derived primarily through the examination of stomach
contents from stranded whales or those killed during commercial whaling operations, but in
recent years, direct observations of feeding behavior have added much new data on the species’
food habits. Killer whales are the only cetacean to routinely prey on marine mammals, with
attacks documented on more than 35 mammal species, including species as large as blue whales
(Balaenoptera musculus), fin whales (B. physalus), and sperm whales (Physeter macrocephalus)
(Tomilin 1957, Tarpy 1979, Hoyt 1990, Jefferson et al. 1991, Dahlheim and Heyning 1999,
Pitman et al. 2001). Pinnipeds and cetaceans are major prey items for some populations
(Tomilin 1957, Rice 1968, Hoelzel 1991, Jefferson et al. 1991, Baird and Dill 1996, Ford et al.
1998, Dahlheim and Heyning 1999). Because killer whales probably represent the most
important predators of many marine mammals, their predation has presumably been a major
evolutionary influence on the life history of these prey species (Jefferson et al. 1991, Corkeron
and Conner 1999, Pitman et al. 2001, Deecke et al. 2002). Fish (including tuna, rays, and sharks)
and squid are other major foods, with penguins, other seabirds, and sea turtles also taken
(Tomilin 1957, Nishiwaki and Handa 1958, Caldwell and Caldwell 1969, Condy et al. 1978,
Ivashin 1981, Hoyt 1990, Fertl et al. 1996, Similéd et al. 1996, Ford et al. 1998, Dahlheim and
Heyning 1999, Ford and Ellis 1999, Visser 1999a, Ainley 2002, Visser and Bonoccorso 2003).
Killer whales also steal fish from longlining vessels (Dahlheim 1988, Yano and Dahlheim 1995a,
1995b, Secchi and Vaske 1998, Visser 2000a), scavenge the discarded bycatch of fisheries
operations (Sergeant and Fisher 1957, Dahlheim and Heyning 1999), and feed on harpooned
whales under tow by whaling ships (Scammon 1874, Heptner et al. 1976, Hoyt 1990). There are
no authenticated records of killer whales killing humans.

Residents. Fish are the major dietary component of resident killer whales in the northeastern
Pacific, with 22 species of fish and one species of squid (Gonatopsis borealis) known to be eaten
(Ford et al. 1998, 2000, Saulitis et al. 2000). Observations from this region indicate that salmon
are clearly preferred as prey. Existing dietary data for southern and northern resident killer
whales should be considered preliminary. Most information originates from a single study (Ford
et al. 1998) in British Columbia, including southeastern Vancouver Island, that focused primarily
on northern residents, relied on several field techniques (surface observations, scale sampling)
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susceptible to bias, and reported on a relatively small sample of observations. With these
limitations in mind, salmon were found to represent 96% of the prey during the spring, summer,
and fall. Chinook salmon (Oncorhynchus tshawytscha) were selected over other species,
comprising 65% of the salmonids taken. This preference occurred despite the much lower
numerical abundance of chinook in the study area in comparison to other salmonids and is
probably related to the species’ large size, high fat and energy content, and year-round
occurrence in the area. Other salmonids eaten in smaller amounts included pink (O. gorbuscha,
17% of the diet), coho (O. kisutch, 6%), chum (O. keta, 6%), sockeye (O. nerka, 4%), and
steelhead (O. mykiss, 2%) salmon (Ford et al. 1998). These data may underemphasize the extent
of feeding on bottom fish (Baird 2000) and species such as rockfish (Sebastes spp.), Pacific
halibut (Hippoglossus stenolepis), a number of smaller flatfish, lingcod (Ophiodon elongatus),
and greenling (Hexagrammos spp.) are likely consumed on a regular basis (Ford et al. 1998).
Pacific herring (Clupea pallasi) also contribute to the diet. The conclusion that the southern
residents feed largely on salmon is supported by the toxicology analyses of Krahn et al. (2002),
who determined that the ratios of XDDTs/ZPCBs in the whales correspond with those of Puget
Sound salmon rather than those from other fish species. Resident whales have been seen to
harass porpoises and harbor seals, but never to kill and eat them (Ford et al. 1998). Little is
known about the winter and early spring foods of residents or whether individual pods have
specific dietary preferences. Future research on the food habits of both resident populations may
find meaningful deviations from the pattern described above.

Resident whales spend about 50-67% of their time foraging (Heimlich-Boran 1988, Ford 1989,
Morton 1990, Felleman et al. 1991). Groups of animals often disperse over several square
kilometers while searching for salmon, with members moving at roughly the same speed (range
of 3-10 km/hr, mean = 6 km/hr) and direction (Ford 1989, 2002, Ford et al. 1998). Foraging
episodes usually cover areas of 3-10 km” and last two to three hours, but may extend up to seven
hours. Individual salmon are pursued, captured, and eaten by single animals or small subgroups,
usually a mother and her young offspring (Jacobsen 1986, Osborne 1986, Felleman et al. 1991,
Ford 1989, Ford et al. 1998). Fish are usually swallowed whole (Jacobsen 1986). Foraging
whales commonly make two or three brief shallow dives, followed by a longer dive of 1-3
minutes (Ford et al. 2000). Several whales may occasionally work together to corral fish near
the shore, but coordinated encirclement of prey has not been observed in Washington or British
Columbia (Ford 1989, Ford et al. 1998). The large sizes of resident pods may benefit members
by improving the success rate of locating scattered salmon (Heimlich-Boran 1988, Bigg et al.
1990, Hoelzel 1993). Prey are detected through a combination of echolocation and passive
listening (Barrett-Lennard et al. 1996), whereas vision and echolocation are probably used during
prey capture. Foraging animals produce rapid series of evenly spaced echolocation clicks, but
whistles and pulsed calls are also emitted during this activity (Ford 1989). Most foraging is
believed to occur during the day (Baird et al. 1998). There is some evidence that adult resident
males forage differently than females and immatures, possibly because the larger size of males
makes them less maneuverable in shallow waters (Baird 2000). Adult males have been noted to
hunt in deeper waters than females and spend more time foraging on the edges of pods (Ford et
al. 1998). Females and subadults occasionally attempt to capture salmon hiding in rock crevices
near shore, a behavior not been seen in adult males.
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Piscivorous killer whales in Norway use tail lobbing, porpoising, blasts of air bubbles, and
flashing of their white undersides to herd herring into tight schools near the surface (Similad and
Ugarte 1993, Nottestad and Simild 2001). The whales then stun the fish for eating by hitting the
edges of the school with their tail flukes. In New Zealand, bubble releases are sometimes used to
dislodge rays from the ocean floor (Visser 1999a).

Transients. The diet of transient killer whales contrasts greatly from that of residents and is
focused almost entirely on marine mammals. Harbor seals are clearly the most important prey
item in Washington and British Columbia. One study of transient diets reported that harbor seals
were pursued in 94% of 138 feeding observations on marine mammals around southern
Vancouver Island (Baird and Dill 1996). Attacks on other species included harbor porpoises
(2%), Dall’s porpoises (1%), unidentified sea lions (1%), and northern elephant seals (1%). In a
second broader study covering British Columbia, Washington, and Alaska, harbor seals were
killed or attacked in 53% of nearly 200 feeding events (Ford et al. 1998). Other regular prey
species included Steller’s sea lions (Eumetopias jubatus, 13%), Dall’s porpoises (Phocenoides
dalli, 12%), harbor porpoises (11%), and California sea lions (Zalophus californianus, 5%).
Attacks were also noted on Pacific white-sided dolphins (Lagenorhynchus obliquidens), gray
whales (Eschrichtius robustus), northern minke whales (Balaenoptera acutorostrata), and
northern river otters (Lontra canadensis). Capture success rates were highest for harbor
porpoises (100%, n = 16) and harbor seals (90%, n = 80), but were successful 50% or less of the
time for other species. Seven species of seabirds were harassed and sometimes killed, but were
seldom eaten. Fish were never observed to be hunted or consumed. As an example of the
diversity of prey consumed by individual whales, Ford and Ellis (1999) described the stomach
contents of three known or probable transients found dead on Vancouver Island. One animal
contained the remains of several harbor seals, a northern elephant seal (Mirounga angustirostris),
a white-winged scoter (Melanitta fusca), and a squid, although the squid may have originated
from the stomach of the elephant seal. A second whale held nearly 400 harbor seal claws in its
stomach, representing at least 20 seals eaten over an unknown time period, plus portions of two
harbor porpoises and a sea lion. The remains of harbor seals, a gray whale, and a cormorant
(Phalacrocorax sp.) were present in the stomach of the third individual. Larger cetaceans,
including humpback whales (Megaptera novaeangliae), are seldom pursued in Washington and
British Columbia (Jefferson et al. 1991, Ford 2002), but may have been hunted much more
frequently in the past before overharvesting greatly reduced their populations (Springer et al.
2003). Terrestrial mammals, such as black-tailed deer (Odocoileus hemionus) and moose (Alces
alces), are also preyed on in rare instances when caught while swimming between islands (Pike
and MacAskie 1969, Dahlheim and Heyning 1999, Ford and Ellis 1999). In Alaska, transients
prey about equally on Dall’s porpoises and harbor seals (Saulitis et al. 2000). Predation by
transient killer whales has been recently hypothesized to have caused a series of precipitous
population declines in harbor seals, northern fur seals (Callorhinus ursinus), Steller’s sea lions,
and sea otters (Enhydra lutris) in southwestern Alaska between the 1960s and 1990s (Estes et al.
1998, Hatfield et al. 1998, Doroff et al. 2003, Springer et al. 2003). This may have resulted after
heavy commercial whaling decimated baleen and sperm whale numbers in the North Pacific after
World War II, causing at least some transients to shift to other prey species (Springer et al.
2003).

Nov ’03 17 Washington Department of Fish and Wildlife



Transients usually forage in smaller groups than residents. When hunting harbor seals, mean
group size numbers three or four whales (Baird and Dill 1996, Ford et al. 1998, Saulitis et al.
2000). Individuals in groups of this size have significantly higher energy intake rates compared
to animals in larger or smaller groups, probably due to increased prey encounter and capture
rates and reduced rates of detection by prey (Baird and Dill 1996). Slightly larger groups have
been recorded as prey size increases, averaging of 5.0 whales when porpoises or dolphins are the
target species and 5.4 whales for sea lions (Ford et al. 1998). Apparent cooperative hunting by
two pods is occasionally observed, with all members of both pods sharing the prey (Baird 2000).
This type of foraging association occurs most often when dangerous or difficult to capture prey
are sought, but has also been noted among animals hunting seals.

Transients are stealthy hunters and often rely on surprise to capture unsuspecting prey. Unlike
resident whales, they are much quieter while foraging, producing greater numbers of isolated
clicks and far fewer and briefer click trains of lower intensity (Morton 1990, Felleman et al.
1991, Barrett-Lennard et al. 1996, Ford and Ellis 1999). This probably allows the whales to
avoid acoustical detection by their wary mammalian prey. Experiments have shown that harbor
seals recognize the calls of transients and respond by taking defensive action (Deecke et al.
2002). Transients may instead rely heavily on passive listening to detect the sounds of
swimming prey (Barrett-Lennard et al. 1996). Vision may also be useful (Baird 2000).
Vocalizations are given freely only in the process of killing or eating prey.

Transients spend 60-90% of daylight hours foraging and commonly hunt in both nearshore and
open-water habitats (Heimlich-Boran 1988, Morton 1990, Baird and Dill 1995, Ford and Ellis
1999). When hunting for harbor seals close to shore, animals swim near one another and surface
and dive in synchrony. During open-water foraging, the whales are more dispersed and usually
swim abreast in a rough line and constant direction. Dall’s and harbor porpoises, as well as other
species, are commonly hunted in this manner. During both types of foraging, long dives of 7-10
minutes are separated by a series of three or four shallow dives, each lasting less than a minute.
This pattern can continue for hours, broken only by the pursuit of prey (Ford and Ellis 1999).
Transients of all ages and both sexes participate in marine mammal attacks (Jefferson et al. 1991)
and prey sharing occurs as part of most successful events (Baird and Dill 1995, Baird 2000).
Harbor seals may be seized with the mouth, struck from below with the top of the head or snout,
or hit several times with the tail to immobilize an animal before it is eaten (Scheffer and Slipp
1944, Ford and Ellis 1999). Seal attacks and eating of the carcass typically last from a few
minutes to about half an hour (Baird and Dill 1995, 1996, Ford and Ellis 1999). Scheffer and
Slipp (1948) documented a novel instance of seal hunting in Washington in which a group of
killer whales intentionally rammed a log boom to knock a number of hauled-out seals into the
water. Pursuit and capture of larger prey sometimes requires considerably longer periods of up
to several hours, but Baird and Dill (1995) found no statistical relationship between prey size and
handling time. Sea lions are usually butted with the whales’ heads and slapped repeatedly with
the tail flukes until the animal is sufficiently weakened to be taken underwater and drowned.
However, attacks on sea lions fail in about half of all instances, with the animal escaping or the
pursuit abandoned (Ford and Ellis 1999). When hunting porpoises, whales may single out an
individual and take turns chasing it until it tires, then ram it or jump on it to finish the kill (Ford
et al. 1998). Dall’s porpoises are swift enough to evade capture in more than half of all chases.
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Pacific white-sided dolphins are sometimes captured by direct pursuit (Dahlheim and Towell
1994) or driven in large schools into confined bays, where individuals are trapped against the
shore and killed (Ford and Ellis 1999).

Although attacks on baleen whales are rarely witnessed in the northeastern Pacific, the hunting
tactics used probably resemble those recorded elsewhere in the world. Techniques vary but
often involve vigorous coordinated attacks in which the larger whales are repeatedly rushed and
bitten on the flippers, flukes, underside, flanks, lower back, and head, and gradually immobilized
through blood loss (Scammon 1874, Tomilin 1957, Morejohn 1968, Rice and Wolman 1971,
Tarpy 1979, Whitehead and Glass 1985, Arnbom et al. 1987, Silber et al. 1990, Goley and
Straley 1994, Pitman et al. 2001). This strategy may reduce the likelihood of injuries among the
killer whales (Pitman et al. 2001). In some cases, biting of the tail region may also be avoided
for the same reason (Silber et al. 1990). Forcible holding underwater, body ramming, and
leaping on the backs of larger whales may also be performed to induce internal injuries or
drowning (Hancock 1965, Baldridge 1972, Hall 1986, Silber et al. 1990, Jefferson et al. 1991,
Goley and Straley 1994). Only females and juveniles participate in some attacks, while males
assist in others (Hancock 1965, Tarpy 1979, Whitehead and Glass 1985, Finley 1990, Silber et
al. 1990, Jefferson et al. 1991, Pitman et al. 2001). Killer whales typically consume relatively
small amounts of large cetacean carcasses before abandoning them, although this may partially
result from the negative buoyancy of carcasses, which causes them to rapidly sink beyond reach
(Hancock 1965, Martinez and Klinghammer 1970, Baldridge 1972, Silber et al. 1990, Guinet et
al. 2000). Many accounts indicate that killer whales may preferentially feed on the tongues and
lips of larger whales (Scammon 1874, Jefferson et al. 1991). This behavior is probably
explained by the high fat content and large size (up to several metric tons) of the tongues
(Heptner et al. 1976). Migrating gray whales with calves appear to be a favorite target,
especially off California (Morejohn 1968, Jefferson et al. 1991, Goley and Straley 1994, Ford et
al. 1998), with 18% of all animals (n = 316) bearing teeth marks from killer whales (Rice and
Wolman 1971). According to an older account by Andrews (1914), scars of this type were once
present on the fins and flukes of “almost every [gray] whale.” In the western North Atlantic,
33% of all humpback whales possess tooth rakes from killer whales (Katona et al. 1980). These
observations indicate that many pursuits are not lethal, with such scarring perhaps resulting from
killer whales testing the vulnerability of potential prey. Pitman et al. (2001) presented an
especially vivid account from California of a loose aggregation of up to 35 killer whales
attacking nine sperm whales in a defensive rosette formation. The killer whales used a “wound
and withdraw” strategy, with brief charging attacks made by four to 12 animals at a time over at
least a five-hour period until two of the sperm whales eventually became isolated from the group.
At least one sperm whale was killed during the attack and several others were likely mortally
wounded.

Intentional stranding is a frequent hunting tactic employed by killer whales in Argentina and
some islands in the southern Indian Ocean for the purpose of capturing pinnipeds in the surf
zones of beaches (Lopez and Lopez 1985, Hoelzel 1991, Guinet 1991). This method has been
observed only once among transients in the northeastern Pacific (Baird and Dill 1995). Killer
whales are also known to deliberately strike ice floes for the purpose of throwing seals and
penguins into the water (Fraser 1949, Tomilin 1957). Smith et al. (1981) described a pod of
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killer whales swimming in unison to create a wave that tipped an ice floe, pitching a hauled-out
seal into the water.

Offshores. Little is known about the diets of offshore killer whales. They are suspected to feed
primarily on fish and squid, based on their frequent use of echolocation and large group sizes
(Ford et al. 2000). However, Pitman et al. (2001) suggested that offshore whales might have
carried out a successful sperm whale hunt off California.

Food Requirements. Captive killer whales consume about 3.6-4% of their body weight daily
(Sergeant 1969, Kastelein et al. 2000), with food intake being somewhat higher in colder water
temperatures (Kastelein et al. 2000). Food consumption by a captive female was about 22 kg per
day at one year of age, 45 kg per day at 10 years of age, and about 56 kg per day at 18 years of
age (Kastelein and Vaughan 1989, Kastelein et al. 2000). The energy requirements of killer
whales are about 85,000 kcal per day for juveniles, 100,000 kcal per day for immatures, 160,000
kcal per day for adult females, and 200,000 kcal per day for adult males (Kriete 1995). Baird
and Dill (1996) reported an average energy intake of 62 kcal/kg/day among wild individuals.
Based on these values, Osborne (1999) estimated that adults must consume about 28-34 adult
salmon daily and that younger whales (<13 years of age) need 15-17 salmon daily to maintain
their energy requirements. Extrapolation of this estimate indicates that the southern resident
population eats about 750,000-800,000 adult salmon annually.

Other Behavior

In addition to foraging, killer whales spend significant amounts of time traveling, resting, and
socializing (Baird and Dill 1995, Ford 2002). Limited evidence from radio-tracking and acoustic
monitoring indicates that behavior patterns are similar during day and night (Erickson 1978,
Osborne 1986).

Traveling. Whales swimming in a constant direction at a slow, moderate, or rapid pace without
feeding are considered to be traveling (Jacobsen 1986, Baird and Dill 1995, Ford 1989, Ford and
Ellis 1999, Ford et al. 2000). This behavior is usually seen among animals moving between
locations, such as desirable feeding areas. Speeds of about 10 km/hr (range = 4-20 km/hr) are
maintained, which is usually significantly faster than during foraging. Traveling whales often
line up abreast in fairly tight formations and commonly surface and dive in synchrony, with
individuals occasionally jumping entirely out of the water. Animals are usually quite vocal
while traveling, but may at times be silent. Traveling occupies about 15-30% of the total activity
budget of transients, but only about 4-8% of the time of northern residents (Ford 1989, Morton
1990, Baird and Dill 1995). Southern residents reportedly spend more time traveling than
northern residents (Heimlich-Boran 1988), perhaps because of longer distances between their
feeding sites (Ford et al. 2000).

Resting. This behavior often follows periods of foraging. In resident groups, the whales usually
gather together abreast in a tight formation, with animals diving and surfacing in subdued unison
(Jacobsen 1986, Osborne 1986, Baird and Dill 1995, Ford 1989, Ford et al. 2000). Individuals
often arrange themselves according to matriline or pod, and offspring usually swim near or
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touching their mother. Forward motion is slow (mean = 3 km/hr) or stops entirely, and
vocalizations often cease. Dives and surfacings become characteristically regular, with a series
of several short shallow surfacings lasting 2-3 minutes followed by a longer dive of 2-5 minutes.
Resting whales are usually silent, except for occasional vocalizations. Resting periods average
about 2 hours, but may last from 30 minutes to 7 hours (Osborne 1986, Ford 1989). Transient
whales display similar resting behavior, but spend only 2-7% of their time resting, compared to
10-21% for residents (Heimlich-Boran 1988, Ford 1989, Morton 1990, Baird and Dill 1995, Ford
and Ellis 1999).

Socializing. Killer whales perform numerous displays and interactions among animals that are
categorized as socializing behaviors (Ford 1989, Ford and Ellis 1999, Ford et al. 2000). During
socializing, all members of a pod may participate or just a few individuals may do so while
others rest quietly at the surface or feed. Socializing behaviors are seen most frequently among
juveniles and may represent a type of play (Jacobsen 1986, Osborne 1986, Ford 1989, Rose
1992). They include chasing, splashing at the surface, spyhopping, breaching, fin slapping, tail
lobbing, head standing, rolling over other animals, and playing with objects such as kelp or
jellyfish. Descriptions and photographs of these behaviors are presented in Jacobsen (1986) and
Osborne (1986). Wave riding occasionally takes place in the wakes of vessels and on naturally
generated waves (Jacobsen 1986, Ford et al. 2000), as does bow-riding in the bow waves of
boats (Dahlheim 1980). Socializing behavior may involve considerable physical contact among
animals. All-male subgroups commonly engage in sexual behaviors, such as penile erections
and nosing of genital areas (Haenel 1986, Osborne 1986, Jacobsen 1986, Ford 1989, Rose 1992).
Play and sexual behavior may help adolescents, especially males, gain courtship skills (Rose
1992). Whales become especially vocal while socializing and emit a wide range of whistles and
calls heard infrequently during other activities, such as foraging and resting (Ford 1989,
Thomsen et al. 2002). During the summer, residents spend about 12-15% of their time engaged
in socializing (Heimlich-Boran 1988, Ford 1989). Transient whales socialize less than residents
and do so most often after successful hunts (Heimlich-Boran 1988, Baird and Dill 1995, Ford
and Ellis 1999).

Several differences in socializing behavior have been documented among killer whale
communities in the northeastern Pacific (Ford 1989, Ford et al. 2000). Beach rubbing, which
involves whales visiting particular beaches to rub their bodies on smooth pebbles in shallow
water (Jacobsen 1986), is common among northern residents, but has never been observed in
southern residents or transients (Ford 1989, Ford et al. 2000). Southern residents perform aerial
displays more frequently and with greater vigor than northern residents. They also engage more
often in a greeting ceremony that occurs when pods meet after being separated for a day or more
(Osborne 1986, Ford et al. 2000). During this interaction, the pods approach each other in two
tight lines, stop for 10-30 seconds at the surface when 10-50 m apart, then merge underwater
with considerable excitement, vocalizing, and physical contact.

Courtship and Mating. Courtship typically involves a single male and female chasing one
another with much physical contact (Jacobsen 1986). The animals often direct fluke and pectoral
fin slaps toward one another and the male may slide over the front portion of the female’s body
to slow her forward movement. On successive surfacings, the male or female may alternate in

Nov ’03 21 Washington Department of Fish and Wildlife



swimming in an inverted position below the other, with their head oriented towards the other’s
genital region. The whales eventually converge and align their genital areas in one of several
copulatory positions that may be held for up to 30 seconds. At the surface, the pair will
simultaneously roll onto their sides, with their ventral surfaces touching and their pectoral fins
sometimes locked (see photograph in Nishiwaki and Handa [1958]). If underwater, the female
may swim upside down, presenting herself to the diving male. A third whale occasionally
participates, usually by holding the female in place as copulation with the male takes place. In
captive situations, males may court a particular estrous female for 5-10 days and have been noted
to copulate with anestrous and pregnant females as well (Duffield et al. 1995). It is unknown
whether such behavior also occurs in wild killer whales.

Parturition. Stacey and Baird (1997) described various behaviors associated with the birth of a
resident killer whale, which took place within a pod of 11-13 animals. An individual presumed
to be the mother was seen making several rapid rotations at the surface during a 30-second
period. Birth then apparently took place underwater and was immediately followed by three pod
members lifting the newborn entirely out of the water for several seconds. Unusual swimming
behavior by the group, bouts of high-speed swimming and percussive activity, and additional
lifting of the calf was seen during the next two hours. Bouts of nursing normally last about 5
seconds and take place both underwater and at the surface (Jacobsen 1986).

Alloparental Care. Non-reproductive female and male killer whales sometimes tend and give
parental-like care to young animals that are not their own, a behavior known as alloparental care
(Haenel 1986, Waite 1988). Older immatures are commonly the recipients of such care after
their mothers give birth to new calves. Adult males have occasionally been seen to “baby-sit”
groups of calves and juveniles (Haenel 1986, Jacobsen 1986).

Care-Giving Behavior. This behavior is directed at stricken individuals by other members of a
group (Caldwell and Caldwell 1966, Tomilin 1957). Ford et al. (2000) published an account of
one such incident involving a pod comprised of a male, female, and two calves in the Strait of
Georgia in 1973. One of the calves was struck and severely injured by the propeller of a
ferryboat. Captain D. Manuel of the ship described the event as follows:

It was a very sad scene to see. The cow and the bull cradled the injured calf between
them to prevent it from turning upside-down. Occasionally the bull would lose its
position and the calf would roll over on its side. When this occurred the slashes caused
by our propeller were quite visible. The bull, when this happened, would make a tight
circle, submerge, and rise slowly beside the calf, righting it, and then proceed with the
diving and resurfacing. While this was going on the other calf stayed right behind the
injured one.

Interactions Between Transients and Residents. Transient killer whales are not known to interact
socially with resident whales. Baird (2000) summarized evidence that members of the two
communities in fact deliberately avoid one another when traveling on intersecting routes. In 11
observations where a transient and resident group approached within several kilometers of each
other, the transients responded by changing their travel direction eight times, while the residents
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did so in three instances. However, on eight other occasions when non-intersecting courses were
involved, the groups passed within several kilometers of one another without altering their paths.
Reasons for avoidance are speculative, but may be related to the usually smaller group sizes of
transients or to perceived threats to vulnerable calves. Residents perhaps show less evasive
behavior simply because they are unaware of the presence of transient groups, which usually
forage quietly. A single aggressive interaction between the two forms has been witnessed and
involved about 13 residents chasing and attacking three transients (Ford and Ellis 1999).

Aggressive Behavior. Aggressive interactions between killer whales are rarely witnessed.
Bisther (2002) reported occasional agonistic encounters involving the displacement of one killer
whale pod by another at herring feeding sites in Norway, but such behavior has never been seen
in the northeastern Pacific. The parallel scarring patterns seen on the backs and dorsal fins of
some killer whales are suggestive of intraspecific aggression (Scheffer 1968, Greenwood et al.
1974, Jacobsen 1986, Visser 1998). However, some of these markings possibly result instead
from social interactions or the defensive responses of pinnipeds (Jacobsen 1986, Ford 1989,
Dahlheim and Heyning 1999).

Movements and Dispersal

Killer whale movements are generally thought to be far ranging, but detailed information on
year-round travel patterns is lacking for virtually all populations. Radio and satellite telemetry
has not been used to track long-term movements because of the absence of a benign technique
for attaching transmitters. Researchers have instead relied on non-intrusive observational
methods, especially photo-documentation and focal group following, to study population
distribution and the movements of individual whales. However, these techniques suffer from
seasonal biases in viewing effort due to limitations in the distances that observers can travel,
inclement weather, and the seasonal availability of daylight (Baird 2001, Hooker and Baird
2001). A lack of photo-identification work in offshore areas is especially problematic for many
monitored populations (Baird 2000). As a result, significant time gaps with few or no location
data exist for all populations, including the well-studied communities of Washington and British
Columbia. This situation is probably responsible for some of the misperceptions regarding the
migratory status of some populations.

Many killer whale populations appear to inhabit relatively well-defined seasonal home ranges
linked to the locations of favored prey, especially during periods of high prey abundance or
vulnerability, such as fish spawning and seal pupping seasons (Jefferson et al. 1991, Reeves et al.
2002). Killer whale occurrence has been tied to migrating rorqual whales off eastern Canada
(Sergeant and Fisher 1957), minke whale presence in southern oceans (Mikhalev et al. 1981), sea
lion and elephant seal pupping sites in the southwest Indian Ocean, Argentina, and the North
Pacific (Tomilin 1957, Norris and Prescott 1961, Condy et al. 1978, Lopez and Lopez 1985,
Hoelzel 1991, Baird and Dill 1995), migrating herring (Clupea harengus) and other fish in the
northeastern Atlantic (Jonsgérd and Lyshoel 1970, Bloch and Lockyer 1988, Evans 1988,
Sigurjonsson et al. 1988, Simild et al. 1996), and returning salmon in the northeastern Pacific
(Balcomb et al. 1980, Heimlich-Boran 1986a, 1988, Felleman et al. 1991, Nichol and Shackleton

Nov ’03 23 Washington Department of Fish and Wildlife



1996). Defended territories have not been documented around these or other food resources
(Dahlheim and Heyning 1999, Baird 2000).

Clear evidence of annual north-south migrations has not been documented for any killer whale
population (Baird 2001), although such movements may yet be discovered (e.g., among animals
visiting the Antarctic; Mikhalev et al. 1981). Regional movement patterns are probably best
known for populations in the northeastern Pacific and may be illustrative of movements
occurring in other parts of the world. Both resident and transient killer whales have been
recorded year-round in Washington, British Columbia, and Alaska (Scammon 1874, Heimlich-
Boran 1988, Baird and Dill 1995, Olson 1998, Baird 2001). Many pods inhabit relatively small
core areas for periods of a few weeks or months, but travel extensively at other times. Known
ranges of some individual whales or pods extend from central California to the Queen Charlotte
Islands off northern British Columbia (a distance of about 2,200 km) for southern residents, from
southern Vancouver Island to southeastern Alaska (about 1,200 km) for northern residents, from
southeastern Alaska to Kodiak Island (about 1,450 km) for southern Alaska residents, and from
central California to southeastern Alaska (about 2,660 km) for transients (Goley and Straley
1994, Dahlheim and Heyning 1999, Krahn et al. 2002, J. K. B. Ford and G. M. Ellis, pers.
comm.). Both types of whales can swim up to 160 km per day (Erickson 1978, Baird 2000),
allowing rapid movements between areas. For example, members of K and L pods once traveled
a straight-line distance of about 940 km from the northern Queen Charlotte Islands to Victoria,
Vancouver Island, in seven days (J. K. B. Ford and G. M. Ellis, pers. comm.). Other resident
pods in Alaska have journeyed 740 km in six days and made a 1,900-km round trip during a 53-
day period (Matkin et al. 1997). Transients are believed to travel greater distances and have
larger ranges than residents (Goley and Straley 1994, Dahlheim and Heyning 1999, Baird 2000),
as reflected by the maximum home range estimates of 140,000 km” for transients and 90,000
km? for residents suggested by Baird (2000). A linear distance of 2,660 km covered by three
transients from Glacier Bay, Alaska, to Monterey Bay, California (Goley and Straley 1994), is
the longest recorded movement by the species.

Scheffer and Slipp (1948) provided the earliest information on the areas occupied by killer
whales in Washington, but were unaware at the time of the distinction between resident,
transient, and offshore whales. Their report suggests that many currently preferred areas of use
were also inhabited in the 1940s. They further noted that the whales moved into the waters
surrounding Camano Island during salmon and herring runs, and entered Willapa Bay on rare
occasions. Palo (1972) remarked that killer whales visited southern Puget Sound most often
during the fall and winter. He added that the whales’ preferred access route to this portion of the
sound was through Colvos Passage along the west side of Vashon Island and that McNeil Island
and Carr Inlet were visited annually. These sites were productive areas for salmon and herring in
the 1960s (Palo 1972).

Southern Residents. Photo-identification work and tracking by boats have provided considerable
information on the ranges and movements of southern resident killer whales since the early
1970s. Ranges are best known from late spring to early autumn, when survey effort is greatest.
During this period, all three southern resident pods are regularly present in the Georgia Basin
(defined as the Georgia Strait, Haro Strait, and Strait of Juan de Fuca) (Heimlich-Boran 1988,
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Felleman et al. 1991, Olson 1998, Osborne 1999), with K and L pods typically arriving in May
or June and spending most of their time there until departing in October or November. However,
during this season, both pods make frequent trips lasting a few days to the outer coasts of
Washington and southern Vancouver Island (Ford et al. 2000). J pod differs considerably in its
movements during this time and is present only intermittently in Georgia Basin and Puget Sound.

While in inland waters during the warmer months, all of the pods concentrate their activity in
Haro Strait, Boundary Passage, the southern Gulf Islands, the northeastern side of the Strait of
Juan de Fuca, and several localities in the southern Georgia Strait (Heimlich-Boran 1988,
Felleman et al. 1991, Olson 1998, Ford et al. 2000). Less time is generally spent elsewhere,
including other sections of the Georgia Strait, Strait of Juan de Fuca, and San Juan Islands,
Admiralty Inlet west of Whidbey Island, and Puget Sound. Individual pods are fairly similar in
their preferred areas of use (Olson 1998), although J pod is the only group to venture regularly
inside the San Juan Islands (K. C. Balcomb, pers. comm.). Pods commonly seek out and forage
in areas that salmon most commonly occur, especially those associated with migrating salmon
(Heimlich-Boran 1986a, 1988, Nichol and Shackleton 1996). Notable locations of particularly
high use include Haro Strait and Boundary Passage, which are a major corridor of migrating
salmon (Felleman et al. 1991), the southern tip of Vancouver Island, Swanson Channel off
Pender Island, and the Fraser River delta, which is visited by all three pods in September and
October (Felleman et al. 1991, Ford et al. 2000, K. C. Balcomb, pers. comm.).

During early autumn, southern resident pods, especially J pod, expand their routine movements
into Puget Sound to take advantage of chum and chinook salmon runs (Osborne 1999). In recent
years, this has become the only time of year that K and L pods regularly occur in the sound.
Movements into seldom-visited bodies of water may occur at this time. One noteworthy
example of such use occurred in Dyes Inlet at Bremerton in 1997. Nineteen members of L pod
entered the 19-km?-sized inlet, which is surrounded by urban and residential development, on 21
October during a strong run of chum salmon into Chico Creek and remained there until 19
November, when salmon abundance finally tapered off. The reasons for this long length of
residence are unclear, but may have been related to food abundance (K. C. Balcomb and D. K.
Ellifrit, pers. comm.) or a reluctance by the whales to depart the inlet because of the physical
presence of a bridge crossing the Port Washington Narrows and associated road noise (J. Smith,
pers. comm.).

Late spring to early fall movements of southern residents in the Georgia Basin have remained
fairly consistent since the early 1970s, with strong site fidelity shown to the region as a whole.
However, some areas of use have changed over time. Visitation of Puget Sound has diminished
since the mid-1980s, whereas Swanson Channel receives noticeably more use now than in the
past (K. C. Balcomb, pers. comm.). Long-term differences in the availability of salmon at
particular sites are one possible explanation for these alterations. Another cause may be the
deaths of certain older experienced whales that were knowledgeable of good feeding sites, but
who are no longer present to direct the movements of their pods to these sites or along favored
travel routes.
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During the late fall, winter, and early spring, the ranges and movements of the southern residents
are much more poorly known. J pod continues to occur intermittently in the Georgia Basin and
Puget Sound throughout this time, but its location during apparent absences is unknown
(Osborne 1999). Prior to 1999, K and L pods followed a general pattern in which they spent
progressively smaller amounts of time in inland waters during October and November and
departed them entirely by December of most years (Osborne 1999). Sightings of both groups
passing through the Strait of Juan de Fuca in late fall suggested that activity shifted to the outer
coasts of Vancouver Island and Washington, although it was unclear if the whales spent a
substantial portion of their time in this area or were simply in transit to other locations (Krahn et
al. 2002). Since the winter of 1999-2000, K and L pods have extended their use of the inland
waters until January or February each year (R. W. Osborne, unpubl. data). The causes behind
this change are unknown, but may relate to greater food availability resulting from, for example,
increased abundance of chum or hatchery chinook, or to reduced food resources along the outer
coast (R. W. Osborne, pers. comm.). Thus, since 1999, both pods are completely absent from the
Georgia Basin and Puget Sound only from about early or mid-February to May or June.

Areas of activity by K and L pods are virtually unknown during their absences. A small number
of verified sightings of K and L pods have occurred along the outer coast from January to April
1976-2003, including one off Vancouver Island and two each off Washington, Oregon, and
Monterey Bay, California (Krahn et al. 2002, Monterey Bay Whale Watch 2003). There have
also been several sightings of resident whales that were most likely these pods near the Columbia
River mouth during April in recent years (K. C. Balcomb, pers. comm.). Almost all of these
records have occurred since 1996, but this is perhaps more likely due to increased viewing effort
along the coast rather than a recent change in the pattern of occurrence for this time of year. The
southern residents were formerly thought to range southward along the coast only to about
Gray’s Harbor (Bigg et al. 1990) or the mouth of the Columbia River (Ford et al. 2000).
However, recent sightings of members of K and L pods in Oregon (L pod at Depoe Bay in April
1999 and Yaquina Bay in March 2000) and California (17 members of L pod and four members
of K pod at Monterey Bay on 29 January 2000, and L71 and probably other L pod members at
the same site on 13 March 2003) have considerably extended the southern limit of their range
(Black et al. 2001, Krahn et al. 2002, Monterey Bay Whale Watch 2003). Both Monterey
sightings coincided with large runs of chinook salmon, with feeding on chinook witnessed in
2000 (K. C. Balcomb, pers. comm.).

Available information suggests that K and L pods travel to northern Vancouver Island and
occasionally to the Queen Charlotte Islands during May and June. K pod has been sighted once
near Tofino on the west-central coast of Vancouver Island in early May (Krahn et al. 2002). K
and L pods sometimes make their initial spring entry into the Strait of Georgia via Johnstone
Strait (Ford et al. 2000), implying regular movement around the northern end of Vancouver
Island. On 28 May 2003, members of both pods were identified for the first time in the Queen
Charlottes, when a group of 30 or more whales was viewed off Langara Island (54°15'N,
133°02'W) at the north end of the island group approximately 46 km south of Alaska (J. K. B.
Ford and G. M. Ellis, pers. comm.). Other records from this region include the carcass of an
unidentified southern resident (recognized through genetic testing) that was found on the west
coast of the Queen Charlottes in June 1995 (Ford et al. 2000) and another dead individual found
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off Cape Scott at the northwestern tip of Vancouver Island in May (year unknown; J. K. B. Ford
cited in Krahn et al. 2002).

Due to extensive changes in many salmon stocks along the North American west coast during
the past 150 years, it is possible that the current movement patterns of the southern residents are
somewhat different from those of several centuries ago. In particular, the whales may have once
been regularly attracted to the Columbia River mouth, where immense numbers of salmon
previously returned during their spawning migrations (K. C. Balcomb, pers. comm.).

Northern Residents. This community is distributed throughout the year from northern
Vancouver Island to southeastern Alaska. Some pods are seen most predictably from June to
October in western Johnstone Strait and Queen Charlotte Strait, where occurrence is closely
associated with salmon congregating to enter spawning rivers (Morton 1990, Nichol and
Shackleton 1996, Ford et al. 2000). However, the majority of animals occur farther north during
this season in the passages and inlets of the central and northern British Columbia coast, in
Hecate Strait and the Queen Charlotte Islands, and reaching Frederick Sound in southeastern
Alaska (Nichol and Shackleton 1996, Dahlheim 1997, Ford et al. 2000). Less information is
available on the winter distribution of northern residents. Use of Johnstone Strait and
neighboring areas declines markedly during at this time (Morton 1990, Nichol and Shackleton
1996), with only one pod (AS5) regularly present in the strait (Baird 2001).

Most northern resident pods travel extensively within the community’s overall range, as
illustrated by the members of G12 pod, who moved between the Queen Charlotte Islands and
Strait of Juan de Fuca from July to October 1999 (Ford et al. 2000). Some pods regularly enter
the northern Georgia Strait, but movements into the southern Georgia Strait and Strait of Juan de
Fuca are quite unusual. In the summer of 2000, about 50 northern residents from C, D, H, 11, 12,
and 118 pods spent several days at the southern end of Vancouver Island (Barrett-Lennard and
Ellis 2001, D. K. Ellifrit, pers. comm.). The animals ventured into Washington’s waters when
they transited the San Juan Islands and visited the eastern end of the Strait of Juan de Fuca (D. K.
Ellifrit, pers. comm.). There have also been several verified and probable sightings of the
northern residents in the transboundary region off the west coasts of the Olympic Peninsula and
Vancouver Island between June and October from 1996 and 2001 (J. Calambokidis, unpubl.
data). Neither of the two verified sightings (involving members of C, D, G1, G12, and 111 pods)
actually occurred within Washington’s waters, although one was just 10 km north of the border.
However, both probable records were located inside Washington, with the southernmost made
about 70 km west of Ocean Shores. Northern and southern residents normally maintain separate
geographic ranges during much of the year. The two communities occur sympatrically at times
during the spring, when some southern residents visit northern Vancouver Island and the Queen
Charlotte Islands (Osborne 1999, Ford et al. 2000).

Transients. The west coast transient community is distributed from southern California to the
Icy Strait and Glacier Bay region of southeastern Alaska (Ford and Ellis 1999, Baird 2001,
Barrett-Lennard and Ellis 2001). Transients are considered farther ranging and more
unpredictable in their daily movements than residents, but detailed information on seasonal
movements is not available because of the relatively few identifications made of nearly all
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individuals. In contrast to the southern residents, most transients show less seasonal change in
abundance and distribution, which probably relates to the year-round presence of their marine
mammal prey (Ford and Ellis 1999). Most sightings in Washington and around Vancouver
Island occur in the summer and early fall, when viewing effort is greatest and harbor seals pup,
but smaller numbers of encounters continue through the rest of the year (Morton 1990, Baird and
Dill 1995, Olson 1998, Ford and Ellis 1999).

Photo-identification records indicate some transients are regularly seen in particular sub-regions,
suggesting that they inhabit preferred seasonal or annual home ranges, whereas other individuals
travel across much of the community’s geographic range (Ford and Ellis 1999). For example,
some transient groups are encountered almost entirely within moderately sized areas of British
Columbia and southeastern Alaska, with few sightings made elsewhere (Ford and Ellis 1999).
The extensive movements of the T49 pod illustrate a sharp contrast with this pattern. From June
1995 to April 1996, this group traveled a minimum of 5,000 km from Glacier Bay, Alaska, to the
Queen Charlotte Islands and southeastern Vancouver Island, then returned to Sitka, Alaska, and
finally reappeared along the west-central coast of Vancouver Island. Regional-scale movements
are evident in many of the transients identified in British Columbia or Washington, with slightly
more than half (111 of 206 animals) having been sighted in southeastern Alaska (Dahlheim et al.
1997, Ford and Ellis 1999). About 13% of the individuals photographed off California have
been observed in Washington, British Columbia, or Alaska (Black et al. 1997). Documented
examples of movements of this scale include a trip of 1,445 km between Alaska and the San Juan
Islands made by two adults and a three-year-old calf during a 3.5-month span (Leatherwood et
al. 1984) and another of 2,660 km between Alaska and California made by three whales (T132,
T134, and T135) over a nearly three-year period (Goley and Straley 1994). Baird and Dill’s
(1995) observations that some groups entered the Georgia Basin primarily during the harbor seal
pupping period in August and September, while others were present throughout the year, are
consistent with this travel scenario. Long gaps of many years between sighting records suggest
that some transients make long-term shifts in ranges (Ford and Ellis 1999).

Transient sightings in the Georgia Basin and Puget Sound are concentrated around southeastern
Vancouver Island, the San Juan Islands, and the southern edge of the Gulf Islands, with reduced
activity occurring in Puget Sound and elsewhere in the Strait of Juan de Fuca and Georgia Strait
(Olson 1998, K. C. Balcomb, pers. comm.). Erickson (1978) described the movements of two
radio-tagged individuals (T13, T14) in this region (also see Ford and Ellis 1999). The pair was
originally captured at Budd Inlet near Olympia in March 1976 and held in captivity for seven
weeks during which time they were transported to San Juan Island. Upon release, the whales
traveled extensively in and around the vicinity of the San Juan and Gulf Islands during a 10-day
tracking period in April and May. Daily travel distances averaged 126 km (range = 107-138
km). The animals continued to be seen on and off in the same area through September, but were
also viewed at Sequim Bay and the Fraser River mouth.

One of the most interesting observations of transient occurrence in recent years in Washington
was an assemblage of 11 animals from the T13, T73, and T123 groups that inhabited Hood Canal
from 2 January to 3 March 2003. The canal is a natural fjord-like inlet that opens into
northwestern Puget Sound and measures 108 km in length by 2-4 km in width. The whales
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repeatedly traveled up and down much of the canal during their stay, but concentrated their
activity along a stretch of important harbor seal haulouts between the Skokomish and Quilcene
Rivers (S. Jeffries, pers. comm.). The whales’ long period of residence was likely related to the
canal’s large population of seals, estimated at about 1,400 animals. Predation by the whales is
believed to have reduced seal abundance by about 50% during the two-month period (J. M.
London, unpubl. data). Although there was some speculation that the Highway 104 floating
bridge across the northern end of the canal may have impeded the whales’ departure, this was
doubtful given the abundance of prey in the area (K. C. Balcomb, pers. comm., S. Jeffries, pers.
comm.). Prior records of killer whales in the canal are rare and involved only a few transients
that remained for short periods (J. M. London, unpubl. data). Another noteworthy facet of the
visit was that it involved an adult male (T14) captured at Budd Inlet in 1976 and fitted with a
radio transmitter (Erickson 1978, Ford and Ellis 1999).

Offshores. The offshore community is distributed from central Mexico to southeastern Alaska,
but movements are poorly understood due to the small numbers of verified observations (Ford
and Ellis 1999, Krahn et al. 2002). At least 20 of the approximately 200 individuals
photographed in Washington, British Columbia, and Alaska have been sighted in California
(Black et al. 1997), indicating that extensive movements may be normal in some animals.
Offshore killer whales primarily inhabit offshore locations, but are also seen in nearshore coastal
waters and rarely in inland waters. Sightings were made several times in the Georgia Basin up
through the mid-1990s, but have become annual occurrences in the past few years (K. C.
Balcomb, pers. comm.). In late April and early May 2003, a group of about 40 offshores was
seen once off Johnstone Strait and again soon after near the San Juan Islands, indicating a likely
passage route along the eastern shore of Vancouver Island and out the Strait of Juan de Fuca (D.
K. Ellifrit, pers. comm., K. C. Balcomb, pers. comm.).

Dispersal Among Residents and Transients. Social dispersal, in which an animal more-or-less
permanently departs its natal group to live alone or in association with unrelated individuals
while remaining part of the breeding population, is believed to occur commonly in transient
killer whales, with juveniles and adults of both sexes participating (Ford and Ellis 1999, Baird
2000, Baird and Whitehead 2000). In doing so, dispersing transients continue to occupy their
large natal geographic ranges throughout their lives.

By comparison, resident killer whales occur in highly stable social groups and dispersal away
from natal groups has never been recorded (Bigg et al. 1990, Baird 2000, Ford et al. 2000).
Several instances of young solitary resident killer whales found away from their natal pods have
been recorded in Washington and British Columbia (Balcomb 2002), but likely represent
orphaned or poorly nurtured individuals that became separated from their pods rather than true
examples of dispersal. Animals such as these are believed to usually die rather than reestablish
permanent bonds with other resident whales. A73, a one-year old northern resident female,
appeared in Puget Sound in late 2001 or early 2002 far from its expected range and eventually
took up residence near Seattle. It remained there until being captured in June 2002, after which
it was translocated back to its natal pod in Johnstone Strait. This individual suffered from
declining health by the time of its capture and would have likely died without human
intervention. L98, a southern resident male, was discovered in Nootka Sound on western
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Vancouver Island in July 2001 after apparently becoming separated from L pod at about 2 years
of age and has since resided alone there. It has remained healthy throughout this time, but is
more threatened by interactions with humans.

Habitat Use

Killer whales frequent a variety of marine habitats with adequate prey resources and are not
constrained by water depth, temperature, or salinity (Baird 2000). Although the species occurs
widely as a pelagic inhabitant of open ocean, many populations spend large amounts of time in
shallower coastal and inland marine waters, foraging even on inter-tidal flats in just a few meters
of water. The species tolerates a range of water temperatures, occurring from warm tropical seas
to polar regions with ice floes and near-freezing waters. Brackish waters and rivers are also
occasionally entered (Scheffer and Slipp 1948, Tomilin 1957). Individual knowledge of
productive feeding areas and other special habitats (e.g., beach rubbing sites in the Johnstone
Strait) is probably an important determinant in the selection of locations visited and is likely a
learned tradition passed from one generation to the next (Ford et al. 1998).

Residents. Resident and transient killer whales exhibit somewhat different patterns of habitat use
while in protected inland waters, where most observations are made (Heimlich-Boran 1988,
Morton 1990, Felleman et al. 1991, Baird and Dill 1995). Residents generally spend more time
in deeper water and only occasionally enter water less than 5 m deep (Heimlich-Boran 1988,
Baird 2000, 2001). Distribution is strongly associated with areas of greater salmon abundance
(Heimlich-Boran 1986a, 1988, Felleman et al. 1991, Nichol and Shackleton 1996), but research
to date has yielded conflicting information on preferred foraging habitats. Several studies have
reported that southern residents feed heavily in areas characterized by high-relief underwater
topography, such as subsurface canyons, seamounts, ridges, and steep slopes (Heimlich-Boran
1988, Felleman et al. 1991). Such features may limit fish movements, thereby resulting in
greater prey availability, and be used by the whales as underwater barriers to assist in herding
fish (Heimlich-Boran 1988). The primary prey at greater depths may be chinook salmon, which
swim at depths averaging 25-80 m and extending down to 300-400 m (Candy and Quinn 1999).
Other salmonids mostly inhabit the upper 30 m of the water column (Quinn and terHart 1987,
Quinn et al. 1989, Ruggerone et al. 1990).

In contrast, Hoelzel (1993) reported no correlation between the feeding behavior of residents and
bottom topography, and found that most foraging took place over deep open water (41% of
sightings), shallow slopes (32%), and deep slopes (19%). Ford et al. (1998) described residents
as frequently foraging within 50-100 m of shore and using steep nearshore topography to corral
fish. Both of these studies, plus those of Baird et al. (1998, 2003), have reported that most
feeding and diving activity occurs in the upper 30 m of the water column, where most salmon are
distributed (Stasko et al. 1976, Quinn and terHart 1987, Quinn et al. 1989, Ruggerone et al.
1990, Olson and Quinn 1993, Nichol and Shackleton 1996, Candy and Quinn 1999, Baird 2000).
Additionally, chinook salmon occupy nearshore habitats more so than other salmonids (Stasko et
al. 1976, Quinn et al. 1989). Reasons for the discrepancies between studies are unclear, but may
result from interpod variation and differences in study methodology (Nichol and Shackleton
1996, Baird 2001).
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Other behaviors, such as resting and socializing, are performed in open water with varied
bathymetry (Heimlich-Boran 1988, Felleman 1991). Southern residents show an overall
tendency to move with incoming tides and against outgoing tides (Felleman 1991). Habitat use
patterns are poorly understood for southern resident pods present along the outer coast.

Transients. Transient whales also occupy in a wide range of water depths, including deep areas
exceeding 300 m. However, transients show greater variability in habitat use than residents, with
some pods spending most of their time foraging in shallow waters close to shore and others
hunting almost entirely in open water (Heimlich-Boran 1988, Felleman et al. 1991, Baird and
Dill 1995). Small bays and narrow passages are entered, in contrast to residents (Morton 1990).
Pods using nearshore habitats often feed primarily on seals and sea lions, and concentrate their
activity near haul-out sites. While foraging, these whales often closely follow the shoreline,
entering small bays and narrow passages, circling small inlets and rocks, and exploring inter-
tidal areas at high tides. Seals tend to be captured more frequently at positive tide heights when
they are less likely to be hauled out (Felleman 1991). Transients that spend more time in open
water probably prey more frequently on porpoises as well as pinnipeds.

Use of Rivers. Killer whales in the northeastern Pacific occasionally enter the lower reaches of
rivers while foraging. Several older instances of whales ascending up to 180 km up the
Columbia River are known (Scheffer and Slipp 1948). These included a 4.1-m female that was
present at Portland for several weeks in October 1931 before being killed (Shepherd 1932), two
whales estimated at 6 m seen near Swan Island and Vancouver in October 1940, and a third
possible record of a single individual near the St. John’s district of Portland in March 1942. It is
not known whether these animals were resident or transient whales. Baird (2001) reported use of
the lower Fraser River by killer whales, which may have been residents in pursuit of salmon.
Transients have been recently recorded in several rivers or river mouths in Oregon, including the
Nehalem and Newport Rivers and a river flowing into Coos Bay (K. C. Balcomb, pers. comm.).

Reproduction and Growth

Much of the information on reproduction and growth in killer whales comes either from
observations of animals held in captivity or from long-term photo-identification studies of the
resident whale communities in Washington and British Columbia (Olesiuk et al. 1990a).
Variation in these parameters can be expected in other populations (Ford 2002).

Mating Season and Behavior. Most mating in the North Pacific is believed to occur from May to
October (Nishiwaki 1972, Olesiuk et al. 1990a, Matkin et al. 1997). However, small numbers of
conceptions apparently happen year-round, as evidenced by births of calves in all months. Data
on breeding dates are ambiguous for other parts of the world (Olesiuk et al. 1990a), but can be
estimat